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In the present paper, we present detailed discussions on the hadronic production of Ξcc at a
fixed target experiment at the LHC (After@LHC). The charm quarks in hadron could be either
extrinsic or intrinsic. By using the BHPS model as the intrinsic charm distribution function in
proton, we observe that even if by setting the proportion of finding the intrinsic charm in a proton
as Ain = 1%, total cross sections for the g + c and c+ c production mechanisms shall be enhanced
by nearly two times. Thus the number of Ξcc events to be generated at the After@LHC can be
greatly enhanced. Since the total cross sections and differential distributions for the Ξcc production
at the After@LHC are sensitive to the value of Ain, the After@LHC could be a good platform for
testing the idea of intrinsic charm.
I. INTRODUCTION
Stimulating by the observation of the doubly charmed
baryon Ξ++cc by the LHCb collaboration [1], people have
shown many new interests on the doubly heavy baryons.
More measurements are assumed to be done at the LHCb
Upgrade II [2]. In the past decades, in addition to its
decay properties, many theoretical works have been done
for the production of the doubly heavy baryons at various
high-energy colliders [3–29].
There are three important mechanisms for the produc-
tion of Ξcc at the high-energy hadronic colliders such as
LHC and Tevatron, which are through the gluon-gluon
fusion (g + g), the gluon-charm collision (g + c), and
the charm-charm collision (c + c), respectively. Those
production mechanisms are pQCD calculable, since the
intermediate gluon should be hard enough to generate
a hard cc¯ pair in the final state. For the (g + c) and
(c + c) production mechanisms, one usually treats the
incident charm quarks as “extrinsic” ones, which are
perturbatively generated by gluon splitting according to
the DGLAP evolution [30–32]. The hadronic production
of Ξcc with “extrinsic” charm mechanism has been dis-
cussed in Refs. [33–35]. Those works show that the (g+c)
mechanism dominates over the conventionally consider
(g+g) fusion mechanism in small pt region
1, and thus it
is important for the fixed-target experiments such as the
SELEX experiment at the Tevatron and the suggested
fixed target experiment at the LHC (After@LHC) due to
the measured Ξcc pt could be very small [36–40].
In addition to the “extrinsic” ones, the incident c-
quarks may also be “intrinsic” ones, which are correlated
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1 In large pt region, the cross section shall be highly suppressed
by the charm quark distribution function; This explains why the
gluon-gluon mechanism alone is usually adopted for analyzing
the measurements with large pt cut.
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FIG. 1. Typical Feynman diagrams for the intrinsic mecha-
nism through nonperturbative fluctuations of the proton state
to five-quark Fock state. The dashed lines stand for soft in-
teractions.
to the non-perturbative fluctuations of nucleon state to
the five-quark state, as shown in Fig. 1. This idea has
been proposed firstly by Brodsky et al., and the BHPS
model has been raised for estimating the intrinsic c-
quark distribution in nucleon [41–43]. Lately, many more
phenomenological studies have been done to illustrate
the non-perturbative charm in nucleon, e.g., the meson-
baryon model [44, 45], the sea-like model [46], and etc..
Because the proportion of the intrinsic charm compo-
nents in nucleon is small, which is only up to ∼ 1%, the
intrinsic charm usually gives negligible contribution in
most of the high-energy processes. At present, due to
lack of experimental measurements, definite conclusion
on the existence of intrinsic charm is still missing.
It has been found that the Ξcc events generated at the
SELEX are much more sensitive to the intrinsic charm
than those at the hadronic colliders as LHC and the
Tevatron [47–50]. There is hope to confirm the intrin-
sic components in proton by measuring the events in
specific kinematic regions, such as small pt region. The
SELEX experiment has already been shut down and its
puzzle on Ξcc observation, e.g., its measured production
rate is much larger than most of the theoretical predic-
tions [51, 52], remains unresolved. The intrinsic charm
production mechanism may solve this puzzle [26]. And
we still need more accurate fixed-target experimental
2data to clarify the issue. At the LHC, when the incident
proton beam energy rises up to 7 TeV, the proposed Af-
ter@LHC will run with a center-of-mass energy around
115 GeV. With a much higher luminosity and higher col-
lision energy, the After@LHC will become a much better
fixed-target experiment for studying the properties of the
doubly heavy baryons. It is thus interesting to investi-
gate how and to what degree the intrinsic charm affects
the Ξcc production at the After@LHC.
The remaining parts of the paper are organized as
follows. In Sec.II, we present the calculation technol-
ogy for the hadronic production of Ξcc. In Sec.III, we
present our numerical results and discussions for various
Ξcc hadroproduction mechanisms, and show how the in-
trinsic charm affects the cross sections. Sec.IV is reserved
for a summary.
II. CALCULATION TECHNOLOGY
Within the perturbative QCD factorization formula,
the total cross section for the hadronic production of Ξcc
can be factorized as follows,
σ(H1 +H2 → Ξcc +X) =
∫
dx1dx2
{
fgH1(x1, µ)f
g
H2
(x2, µ)⊗ σˆg+g→Ξcc(x1, x2, µ)
+
∑
i,j=1,2;i6=j
fgHi(x1, µ)
[
f cHj (x2, µ)− f cHj (x2, µ)SUB
]
⊗ σˆg+c→Ξcc(x1, x2, µ)
+
∑
i,j=1,2;i6=j
f cHi(x1, µ)f
c
Hj
(x2, µ)⊗ σˆcc→Ξc+c(x1, x2, µ) + · · ·
}
, (1)
where we have implicitly set the factorization scale and
renormalization scale to be the same, µF = µR = µ.
faH (a = (g, c)) is parton distribution function (PDF)
of the corresponding parton a in the incident hadron
H . f cH(x, µ)SUB is the subtraction term to avoid dou-
ble counting problem between the (g + g) and (g + c)
production mechanisms [53–56], which is defined as,
f cH(x, µ)SUB ≡ fgH(x, µ)⊗ f cg (x, µ)
=
∫ 1
x
dy
y
f cg (y, µ)f
g
H
(
x
y
, µ
)
(2)
with
f cg(x, µ) =
αs(µ)
2pi
ln
µ2
m2c
Pg→q(x)
=
αs(µ)
2pi
ln
µ2
m2c
· 1
2
(1− 2x+ 2x2). (3)
By taking the intrinsic charm component into account,
the PDF faH can be expressed as,
faH(x, µ) = f
a,0
H (x, µ) + f
a,in
H (x, µ), (4)
where fa,0H is the PDF without intrinsic charm effect, and
fa,inH (x, µ) is the new term introduced by the intrinsic
charm effect.
The PDF at any other scale can be obtained by
applying the DGLAP equations with the known PDF
fa,inH (x, 2mc) at the initial scale 2mc, i.e., [57]
f c,inH (x, µ) =
∫ 1
x
dy
y
{
f c,inH (x/y, 2mc)
[− ln(y)]acκ−1
Γ(acκ)
}
+
κ
∫ 1
x
dy
y
∫ 1
y
dz
z
{
f c,inH (y/z, 2mc)
[− ln(z)]acκ−1
Γ(acκ)
P∆c(x/y)
}
+O(κ2), (5)
fg,inH (x, µ) =
2κ
ag − ac
∫ 1
x
dy
y
∫ ag
ac
da
∫ 1
y
dz
z
{
f c,inH (z, 2mc)
[− ln(z)]aκ−1
Γ(aκ)
Pc→gc(x/y)
}
+O(κ2), (6)
with
ag = 6, ac =
8
3
, β0 = 11− 2nf/3,
κ =
2
β0
ln
(
αs(2mc)
αs(µ)
)
,
3P∆c(x) =
4
3
[
1 + x2
1− x +
2
lnx
+
(
3
2
− 2γE
)
δ(1 − x)
]
,
Pc→gc =
4
3
[
1 + (1− x)2
x
]
. (7)
In doing the numerical analysis, we adopt the BHPS
model [41] for the PDF f c,inH (x, 2mc) as a typical one
to discuss the intrinsic charm’s effect, e.g.,
f c,inH (x, 2mc)
= 6x2ξ
[
6x(1 + x) lnx+ (1 − x)(1 + 10x+ x2)] , (8)
where the parameter ξ is fixed by the probability of find-
ing the intrinsic charm quark, which satisfies the normal-
ization condition as,
Ain ≡
∫ 1
0
f c,inH (x, 2mc) dx = ξ × 1% .
The probability for finding intrinsic c/c¯-component in
proton at the fixed low-energy scale 2mc is assumed to
be less than 1% [41, 42], and we set a broader range of
ξ ∈ [0.1, 1] to do the discussion.
Many effects have been paid to the intrinsic charm (IC)
PDF [58–65], which are usually fixed via global fitting of
experimental data. For example, the CTEQ group, firstly
suggested the CTEQ6.5C PDF version [58] by carrying
out a series of global fits with varying magnitudes of IC
components. That is, the intrinsic charm component is
characterized by the first moment of the c-quark and c¯-
antiquark momentum distributions,
〈x〉c+c¯ =
∫ 1
0
x[c(x) + c¯(x)]dx, (9)
where the distributions c(x) and c¯(x) depend on the IC
models such as the BHPS model (8), the Meson-Cloud
Model (MCM) with the IC arises from virtual low-mass
meson+baryon components, e.g., D¯0Λ+c , in a proton,
and the sea-like model with IC is assumed to behave
as the light flavor sea quarks, e.g. c(x) = c¯(x) is
proportional to d¯(x) + u¯(x) with an overall charm
mass suppression. Lately, the CTEQ group improved
it as CTEQ6.6C [59] IC PDF version by taking both
the BHPS and the sea-like models into account with
moderate and large IC contributions as 1% and 3.5%
(corresponding to 〈x〉c+c¯ = 0.57% and 2%, respectively),
which then improved as CT10C [61] and CT14C [65]
by taking more data into consideration. As another
example, the MSTW group issued the MSTW2008 IC
PDF version [60] by dealing with the IC component
under the general-mass variable flavour number scheme.
And recently the NNPDF group developed a model
independent NNPDF3IC IC version [64], whose input
parameters are based on a NLO calculation and are
fixed via a global fitting of experimental data of deep
inelastic structure functions.
III. NUMERICAL RESULTS AND
DISCUSSIONS
The doubly charmed baryon Ξcc can be produced by
first perturbatively forming a (cc) pair via g + g →
(cc) + c¯c¯, g + c → (cc) + c¯ or c + c → (cc) + g chan-
nels, then forming a bound (cc)-diquark state either in
spin-triplet and color anti-triplet state (cc)3¯[
3S1] or in
spin-singlet and color sextuplet state (cc)6[
1S0], and fi-
nally, hadronizing into the Ξcc baryon. To be the same as
those of Ref.[34], we take the probability for a (cc)-pair
to transform into the Ξcc-baryon as |Ψcc(0)|2 = 0.039
GeV3, MΞcc = 3.50 GeV with mc = MΞcc/2. We take
the CT14LO PDF version [66], which is issued by the
CTEQ group, as the input for the PDF fa,0H (x, µ) with-
out intrinsic charm effect.
- σg+g (pb) σg+c(pb) σc+c (pb)
- (cc)3¯[
3S1] (cc)6[
1S0] (cc)3¯[
3S1] (cc)6[
1S0] (cc)3¯[
3S1] (cc)6[
1S0]
Ain = 0 7.44× 102 1.35 × 102 3.07× 103 3.34 × 102 1.02 4.12× 10−2
Ain = 0.1% 7.47× 102 1.35 × 102 3.31× 103 3.59 × 102 1.09 4.38× 10−2
Ain = 0.3% 7.49× 102 1.36 × 102 3.76× 103 4.07 × 102 1.24 4.98× 10−2
Ain = 1% 7.55× 102 1.37 × 102 5.32× 103 5.78 × 102 1.79 7.16× 10−2
TABLE I. Total cross sections of the Ξcc production at the After@LHC with different intrinsic charm component corresponding
to different choices of Ain, which are 0, 0.1%, 0.3%, and 1%, respectively. Ain = 0 means no intrinsic charm component has
been taken into consideration. pt > 0.2 GeV.
In the literature, a generator GENXICC [67–69] has
been programmed, which can be conveniently used for
simulating the Ξcc events at the hadronic colliders. Our
numerical calculations shall be done by using the gen-
4erator GENXICC with proper changes to include both
the extrinsic and intrinsic charm effects in the charm
and gluon PDFs. The probability of finding the intrinsic
charm in proton is set as Ain = 0, 0.1%, 0.3%, and 1%,
respectively, where Ain = 0 corresponds to the extrin-
sic mechanism. We have implicitly taken a small trans-
verse momentum (pt) cut for the Ξcc events, i.e., pt > 0.2
GeV, which is the same as the SELEX and could also be
adopted by the fixed-target experiment After@LHC.
As an overall impression, we present the total cross
sections for the Ξcc production at the After@LHC via
the (g + g), (g + c), and (c + c) production mechanisms
in Table I, where the results for (cc)3¯[
3S1] and (cc)6[
1S0]
are presented. Table I shows that for each production
channels, the intermediate (cc)6[
1S0] can also give sizable
contributions, e.g. its production cross sections for (g +
g), (g+ c), and (c+ c) production mechanisms are about
18%, 11% and 4% of the corresponding (cc)3¯[
3S1] cross
sections. Table I also shows how the total cross sections
vary with the increment of intrinsic charm components
in proton, which shall give sizable contributions to the
(g + c) and (c + c) mechanisms. For example, even if
there is only one-in-one-thousand probability to find the
intrinsic charm component in proton, e.g. A = 0.1%, the
total cross sections for (g + c) and (c + c) mechanisms
shall be increased by about 7%.
A. Ξcc production via the (g + g) fusion mechanism
- pt ≥ 2 GeV pt ≥ 4 GeV pt ≥ 6 GeV pt ≥ 8 GeV
σ
(cc)
3¯
[3S1]
g+g 2.71× 102 3.21× 101 3.59 4.81 × 10−1
σ
(cc)6[
1S0]
g+g 5.85× 101 9.06 1.21 1.80 × 10−1
TABLE II. Total cross sections (in unit pb) for the Ξcc pro-
duction via (g+g) channel at the After@LHC under different
pt cuts, where we have set Ain = 1%.
- |y| < 1 |y| < 2 |y| < 3
σ
(cc)
3¯
[3S1]
g+g 4.97× 102 7.28× 102 7.57× 102
σ
(cc)6[
1S0]
g+g 8.92× 101 1.32× 102 1.37× 102
TABLE III. Total cross sections (in unit pb) for the Ξcc pro-
duction via (g+g) channel at the After@LHC under different
y cuts, where we have set Ain = 1% and pt > 0.2 GeV.
As for (g + g) fusion mechanism, total cross sections
with intrinsic charm Ain = 1% under various kinematic
cuts are presented in Tables II and III. It’s found that
the impacts of intrinsic charm on the (g + g) channel
is less than 2% even by setting Ain = 1%. There are
nearly 96% Ξcc events to be generated in small pt region,
pt ∈ [0, 4 GeV], and about 66% Ξcc events for |y| ≤
1. Thus for a fixed-target experiment as After@LHC, in
which small pt events can be detected, a more accurate
production information on Ξcc can be achieved.
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FIG. 2. Comparison of the pt distributions for the hadropro-
duction of Ξcc with and without intrinsic charm, Ain = 1%
and Ain = 0, via the g + g production mechanism at the Af-
ter@LHC. Here contributions from various intermediate di-
quark states have been summed up.
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FIG. 3. Comparison of the y distributions for the hadropro-
duction of Ξcc with and without intrinsic charm, Ain = 1%
and Ain = 0, via the g + g production mechanism at the Af-
ter@LHC. Here contributions from various intermediate di-
quark states have been summed up. pt > 0.2 GeV.
For the differential productions of Ξcc, we investigate
the differential distributions with respect to the pt and y
as presented in Figs. 2 and 3, respectively. Both the cases
with and without intrinsic charm are plotted, in which
the contributions from (cc)3¯[
3S1] and (cc)6[
1S0] diquark
states have summed up. In those figures, the solid and
the dashed lines stand for the differential distributions
without and with intrinsic charm, which correspond to
Ain = 0 and Ain = 1%, respectively. Fig. 2 shows that
the pt-distribution drops quickly with the increment of pt.
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FIG. 4. Comparison of the x distributions for the hadropro-
duction of Ξcc with and without intrinsic charm, Ain = 1%
and Ain = 0, via the g + g production mechanism at the Af-
ter@LHC. Here contributions from various intermediate di-
quark states have been summed up. pt > 0.2 GeV.
Fig.3 shows that there is a small plateau within |y| ≤ 1.5
for the Ξcc production via the (g+ g) channel. In Fig. 4,
we plot the x distributions of Ξcc production with and
without intrinsic charm via the (g + g) scheme.
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FIG. 5. The gluon PDF with and without intrinsic charm,
Ain = 1% and Ain = 0, at different scales (µ
2).
Figs. 2 and 3 indicate that the pt and y shapes of Ξcc
change very slightly in whole pt or y region by taking
the intrinsic charm component into consideration. This
is due to the fact that the impacts of intrinsic charm to
the gluon PDF, as expressed by Eq. (6), is small. We
present a comparison of the gluon PDF with and with-
out intrinsic charm effects in Fig. 5, where three typical
scales, µ2 = 2 GeV2, 5 GeV2, 100 GeV2, are adopted.
The nearly coincidence of the two curves with and with-
out intrinsic charm under various scales, indicating the
effect of intrinsic charm to the gluon PDF is negligible.
B. Ξcc production via (g + c) and (c+ c) channels
with extrinsic charm mechanism
In addition to the (g + g) channel, the gluon-charm
(g + c) and the charm-charm (c+ c) interactions are im-
portant for a sound prediction of the Ξcc hadronic pro-
duction. In this subsection, we study the hadronic pro-
duction properties of Ξcc via the (g+ c) and (c+ c) chan-
nel at the After@LHC experiment, where the c quark is
extrinsic one only.
To see more explicitly how these channels affect the
Ξcc production cross sections, we define a ratio R based
on the cross section of the frequently considered channel
g + g → Ξcc(cc)3¯[3S1] + c¯+ c¯, i.e.,
R = σtot
σg+g→Ξcc(cc)3¯[3S1]
, (10)
where σtot stands for the total cross sections of all the
concerned production mechanisms and intermediate di-
quark states. The values ofR shall be shown in Table IV,
where Ain = 0 indicates the extrinsic charm components,
whose contribution is large in comparison to the (g+ g)-
mechanism, e.g., R = 5.8 for Ain = 0.
In Table I, the results for Ain = 0 are cross sections
for extrinsic charm mechanisms. For the (g + c) chan-
nel, total cross sections from the diquark state (cc)3¯[
3S1]
are about 9 times bigger than those from (cc)6[
1S0]. For
the (c+ c) channel, total cross sections from the diquark
state (cc)3¯[
3S1] are about 10 times bigger than those from
(cc)6[
1S0]. By summing up different diquark contribu-
tions, the relative importance of the cross sections among
different production channels is
σAin=0g+g : σ
Ain=0
g+c : σ
Ain=0
c+c ≃ 8.3× 102 : 3.2× 103 : 1.
We observe that the cross section for the (g + c)-channel
is dominant over that of (c+c)-channel by about three or-
ders, which is about four times of the cross section of the
(g+g)-channel. This confirms the necessity for including
the charm-initiated channels in the calculations.
C. The intrinsic charm effects in Ξcc production via
(g + c) and (c+ c) channels
In this subsection we show how the total production
cross sections are altered by further taking into account
the intrinsic charm.
By varying the intrinsic component Ain form 0.1% to
1%, the cross sections of (g+c) and (c+c) channels have
been presented in Table I. The cross sections of (g + c)
and (c+ c) channels are enhanced by about 7.5% to 75%
6with increment of the intrinsic charm component Ain ∈
[0.1%, 1%]. More explicitly, if taking the intrinsic charm
component as Ain = 1%, the relative importance of cross
sections among different channels is
σAin=1%g+g : σ
Ain=1%
g+c : σ
Ain=1%
c+c ≃ 4.8× 102 : 3.2× 103 : 1.
Comparing with the extrinsic case, we find that the rel-
ative importance of (g + c) and (c + c) channels are en-
hanced by taking the intrinsic charm into consideration.
Ain = 0 Ain = 0.1% Ain = 0.3% Ain = 1%
R 5.8 6.1 6.7 9.0
TABLE IV. The R values defined in Eq. (10) at the Af-
ter@LHC with various choices of Ain. Ain = 0 indicates that
only the extrinsic mechanisms are considered. pt > 0.2 GeV.
We present the R ratios under different choices of in-
trinsic charm components in Table IV. Table IV shows
the production cross section under extrinsic mechanisms
shall be highly affected by the intrinsic charm, e.g., when
Ain = 1%, the R ratio shall be increased by 55%.
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FIG. 6. Scale evolution of the intrinsic charm PDF defined in
Eq. (5). Ain = 1%.
To account for these points, we illustrate how the in-
trinsic charm component affects the charm PDF. First,
we present the x-distribution of intrinsic charm with
Ain = 1% under several typical scales in Fig. 6. Fig. 6
shows the intrinsic charm PDF increases in small x region
and decreases in high x, whose peak slightly moves with
varying scales. Second, we present the total charm PDF,
defined in Eq. (4), with various intrinsic charm compo-
nents in Fig. 7. It shows the total charm PDF has a small
humped behavior around x ∼ 0.3. This peaked behavior
explains the strong enhancement of the intrinsic charm
to the Ξcc production via (g + c) and (c + c) channels
10-3 10-2 10-1 100
10-6
10-5
10-4
10-3
10-2
10-1
100
FIG. 7. Total charm PDF defined in Eq. (4) with various
intrinsic charm components characterized by Ain = 0 ∼ 1%.
µ2 = 5 GeV2.
at the After@LHC. Thus, the intrinsic charm, if exists
in hadrons, shall play an important role in the hadronic
production of Ξcc.
Summing up the contributions from different inter-
mediate diquark states and various production chan-
nels together, we obtain σAin=0tot = 4.28 × 103 pb and
σAin=1%tot = 6.79 × 103 pb. If the integrated luminosity
at the After@LHC reaches 0.05 fb−1 or 2 fb−1 per oper-
ation year [36], the Ξcc events to be generated at the
After@LHC shall be about 2.1× 105 or 8.6× 106 per op-
eration year for Ain = 0. If setting Ain = 1%, the Ξcc
events shall be greatly increased to 3.4× 105 or 1.4× 107
per operation year. Thus to compare with the hadronic
production at the LHC which usually adopts a larger pt
cut, the fixed-target experiment After@LHC could pro-
vide a better platform for studying the Ξcc properties
and for testing the existence of intrinsic charm.
pt ≥ 2 GeV pt ≥ 4 GeV pt ≥ 6 GeV pt ≥ 8 GeV
σ
(cc)
3¯
[3S1]
g+c 1.26× 103 8.93× 101 8.75 1.18
σ
(cc)6[
1S0]
g+c 1.47× 102 1.52× 101 1.78 2.73× 10−1
σ0g+c 8.04× 102 5.81× 101 5.56 7.48× 10−1
σ
(cc)
3¯
[3S1]
c+c 1.79 1.79 1.54 3.38× 10−1
σ
(cc)6[
1S0]
c+c 7.16× 10−2 7.16× 10−2 5.89× 10−2 1.05× 10−2
σ0c+c 1.06 1.06 8.96× 10−1 1.70× 10−1
TABLE V. Total cross sections (in unit pb) for the Ξcc pro-
duction at the After@LHC under different pt cuts, where we
have set Ain = 1%. The total cross sections for Ain = 0 are
presented as a comparison, e.g., σ0 stands for the Ξcc produc-
tion without intrinsic charm, where contributions of different
diquark configuration have been summed up.
For convenience of comparing with the future experi-
7|y| < 1 |y| < 2 |y| < 3
σ
(cc)
3¯
[3S1]
g+c 2.28× 103 4.50× 103 5.27× 103
σ
(cc)6[
1S0]
g+c 2.54× 102 4.94× 102 5.78× 102
σ0gc 1.98× 103 3.16× 103 3.39× 103
σ
(cc)
3¯
[3S1]
c+c 1.43 1.79 1.79
σ
(cc)6[
1S0]
c+c 5.66× 10−2 7.14× 10−2 7.16× 10−2
σ0cc 8.92× 10−1 1.06 1.06
TABLE VI. Total cross sections (in unit pb) for the Ξcc pro-
duction at the After@LHC under different y cuts, where we
have set Ain = 1%. The total cross sections for Ain = 0 are
presented as a comparison, e.g., σ0 stands for the Ξcc produc-
tion without intrinsic charm, where contributions of different
diquark configuration have been summed up. pt > 0.2 GeV.
mental measurements, we present total cross sections un-
der various kinematic cuts in Tables V and VI, where we
have set Ain = 1%. Tables V shows the results for typi-
cal transverse momentum cuts, pt ≥ 2GeV, pt ≥ 4GeV,
pt ≥ 6GeV, and pt ≥ 8GeV, respectively. There are
over 98% contributions are concentrated in small pt re-
gion [0, 4GeV]. Table VI shows the results under three
rapidity cuts, |y| ≤ 1, |y| ≤ 2, and |y| ≤ 3.
pt ≥ 2 GeV pt ≥ 4 GeV pt ≥ 6 GeV pt ≥ 8 GeV
εg+c (ptcut) 75% 80% 89% 94%
εc+c (ptcut) 75% 75% 78% 105%
TABLE VII. The values of εi(ptcut) defined in Eq. (11) for the
hadronic production of Ξcc at the After@LHC with Ain = 1%.
ycut |y| ≤ 1 |y| ≤ 2 |y| ≤ 3
ζg+c (ycut) 28% 58% 73%
ζc+c (ycut) 67% 76% 76%
TABLE VIII. The values of ζi(ycut) defined in Eq. (12) for the
hadronic production of Ξcc at the After@LHC with Ain = 1%.
pt > 0.2 GeV.
To see how the kinematic cuts affect the intrinsic charm
contributions, we introduce two variables εi (ptcut) and
ζi (ycut):
εi (ptcut) =
σi(pt ≥ ptcut)− σ0i (pt ≥ ptcut)
σ0i (pt ≥ ptcut)
× 100%,(11)
and
ζi (ycut) =
σi(|y| ≤ ycut)− σ0i (|y| ≤ ycut)
σ0i (|y| ≤ ycut)
× 100%,(12)
where i = g + c or i = c + c stands for the contribution
from the production channel g+ c→ Ξcc or c+ c→ Ξcc,
respectively. σ0i is the cross section without intrinsic
charm and σi denotes that with Ain = 1%, in which con-
tributions of different diquark configuration have been
summed up. The values of εi and ζi with different pt
cuts and y cuts are given in Tables VII and VIII. From
Table VII, one can see that the relative importance of
the intrinsic charm increases with increment of pt cuts,
e.g., εg+c varies from 75% to 94% and εc+c varies from
75% to 105% by taking the pt cut from 2 GeV to 8 GeV.
As shown in Table VIII, the ratio of intrinsic charm con-
tributions ζi significantly increase from 28% to 73% for
the (g+ c) channel and mildly increase from 67% to 73%
for the (c+ c) channel with the increment of ycut.
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FIG. 8. The pt distributions of Ξcc for various intermediate
diquark states at the After@LHC with intrinsic charm com-
ponent as Ain = 1%, in which no y cut has been applied.
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FIG. 9. The y distributions of Ξcc for various intermediate
diquark states at the After@LHC with intrinsic charm com-
ponent as Ain = 1%. pt > 0.2 GeV.
8-5 -4 -3 -2 -1 0 1 2 3 4 510
-6
10-4
10-2
100
102
104
FIG. 10. The η distributions of Ξcc for various intermediate
diquark states at the After@LHC with intrinsic charm com-
ponent as Ain = 1%. pt > 0.2 GeV.
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FIG. 11. The x distributions of Ξcc for various intermediate
diquark states at the After@LHC with intrinsic charm com-
ponent as Ain = 1%. pt > 0.2 GeV.
We present the Ξcc distributions at the After@LHC
versus the transverse momentum (pt), rapidity (y), and
pseudo-rapidity (η) in Figs. 8, 9, and 10, respectively.
Those distributions are consistent with the results in Ta-
bles VII and VIII. To compare with Fig. 2, Fig. 8 shows
the Ξcc production in small pt region is dominated by the
(g + c) channel, and the (g + g) channel still dominates
over the (c + c) channel in almost the whole pt region.
Figs. 9 and 10 show the plateaus of |y| ≤ 1.5 and |η| ≤ 2
appear in c + c channel, which become broader in g + c
channel as |y| ≤ 3 and |η| ≤ 3. We plot x distribution
for the Ξcc production in the (g + c) and (c+ c) subpro-
cesses as shown in Fig. 11. Contributions from small x
range play the dominant role in the Ξcc production both
in (g + c) and (c+ c) channels.
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FIG. 12. The comparison of pt distributions for the
hadroproduction of Ξcc under different choices of Ain at
the After@LHC, where contributions from various production
schemes, i.e., (g+ g), (g+ c), and (c+ c), have been summed
up. pt > 0.2 GeV and no y cut has been applied.
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FIG. 13. The comparison of y distributions for the
hadroproduction of Ξcc under different choices of Ain at
the After@LHC, where contributions from various production
schemes, i.e., (g+ g), (g+ c), and (c+ c), have been summed
up. pt > 0.2 GeV and no y cut has been applied.
To show how the intrinsic charm affects the differen-
tial distributions, we present the pt, y, η, and x distri-
butions for Ain = 0, 0.3%, 1% in Figs. 12, 13, and 14,
respectively. Here the contributions of (cc)3¯[
3S1] and
(cc)6[
1S0] configurations, and results from different pro-
duction schemes, i.e., (g + g), (g + c), and (c + c), have
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FIG. 14. The comparison of η distributions for the
hadroproduction of Ξcc under different choices of Ain at
the After@LHC, where contributions from various production
schemes, i.e., (g+ g), (g+ c), and (c+ c), have been summed
up. pt > 0.2 GeV and no y cut has been applied.
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FIG. 15. The comparison of x distributions for the
hadroproduction of Ξcc under different choices of Ain at
the After@LHC, where contributions from various production
schemes, i.e., (g+ g), (g+ c), and (c+ c), have been summed
up. pt > 0.2 GeV and no y cut has been applied.
been summed up. The pt distributions are close in shape
for various Ain, however their differences become obvi-
ous in large pt region. The y and η distributions change
more significantly with variation of Ain from 0 to 1%.
For example, both the shape and the normalization of
y-distribution are changed significantly with the incre-
ment of Ain. In Fig. 15, we present the comparison of
x distributions with different intrinsic charm component.
It shows that the intrinsic charm provides contribution
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FIG. 16. The κi (i = g+ c, c+ c) defined in Eq. (13) versus pt
of Ξcc with intrinsic charm component Ain = 1% at the Af-
ter@LHC, in which contributions from different intermediate
diquark states have been summed up. pt > 0.2 GeV and no
y cut are applied.
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FIG. 17. The χi (i = g + c, c + c) defined in Eq. (14) versus
y of Ξcc with intrinsic charm component Ain = 1% at the Af-
ter@LHC, in which contributions from different intermediate
diquark states have been summed up. pt > 0.2 GeV and no
y cut are applied.
in large x region, which is consistent with previous re-
sults as shown in Fig. 7. These changes of distributions
are large enough to be potentially observed by the Af-
ter@LHC for searching the intrinsic charm component in
a proton.To show how the distributions change with the
transverse momentum and rapidity, similar to the ratios
εi (ptcut) and ζi (ycut), we introduce two ratios κi and χi,
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i.e.?
κi =
dσi/dpt − dσ0i /dpt
dσ0i /dpt
, (13)
and
χi =
dσi/dy − dσ0i /dy
dσ0i /dy
. (14)
Here subscript i stands for g + c or c + c mechanism,
respectively. σ denotes the cross section of Ain = 1%
and σ0 denotes that of Ain = 0, in which contributions
of different diquark configuration have been summed up.
The results are put in Figs. 16 and 17, which show in
larger pt and larger rapidity regions, contribution from
intrinsic charm are more obvious.
D. Theoretical uncertainties for Ξcc production
In this subsection, we discuss the main theoretical un-
certainties for the Ξcc production at the After@LHC,
which are from the choices of the charm quark mass,
the renormalization scale, and the intrinsic charm PDF,
respectively. When discussing the uncertainty from one
error source, other input parameters shall be kept to be
their central values. For convenience, we set Ain = 1%
throughout this subsection.
mc (GeV) 1.65 1.75 1.85
g + g → (cc)3¯[3S1] 1.27× 103 7.55× 102 4.57× 102
g + g → (cc)6[1S0] 2.32× 102 1.37× 102 8.24× 101
g + c→ (cc)3¯[3S1] 7.58× 103 5.32× 103 3.76× 103
g + c→ (cc)6[1S0] 8.22× 102 5.78× 102 4.09× 102
c+ c→ (cc)3¯[3S1] 3.24 1.79 1.25
c+ c→ (cc)6[1S0] 1.33× 10−1 7.16× 10−2 5.12× 10−2
TABLE IX. Total cross sections (in unit pb) for the Ξcc pro-
duction at the After@LHC under different choices ofmc mass.
pt > 0.2 GeV and Ain = 1%.
Total cross sections for mc = 1.75± 0.10GeV are pre-
sented in Table IX, which shows
σg+g→(cc)3¯[3S1] =
(
7.55+5.15−2.98
)× 102 pb,
σg+g→(cc)6[1S0] =
(
1.37+0.95−0.55
)× 102 pb,
σg+c→(cc)3¯[3S1] =
(
5.69+2.44−1.68
)× 103 pb,
σg+c→(cc)6[1S0] =
(
6.19+2.64−1.82
)× 102 pb,
σc+c→(cc)3¯[3S1] = 2.02
+1.61
−0.59 pb,
σc+c→(cc)6[1S0] =
(
8.03+6.77−2.25
)× 10−2 pb. (15)
Total cross section depends heavily on the choice
of charm quark mass, which shall be changed by
[−39%, 69%] for g + g channel, [−30%, 43%] for g + c
channel, and [−29%, 84%] for the c + c channel, respec-
tively.
µR
√
sˆ
√
sˆ/2 Mt
g + g → (cc)3¯[3S1] 1.63× 102 3.99 × 102 7.55 × 102
g + g → (cc)6[1S0] 3.13× 101 7.67 × 101 1.37 × 102
g + c→ (cc)3¯[3S1] 3.43× 103 5.47 × 103 5.32 × 103
g + c→ (cc)6[1S0] 3.76× 102 5.99 × 102 5.78 × 102
c+ c→ (cc)3¯[3S1] 1.25 1.76 1.79
c+ c→ (cc)6[1S0] 5.05× 10−2 7.03 × 10−2 7.16 × 10−2
TABLE X. Total cross sections (in unit pb) for the Ξcc pro-
duction at the After@LHC under different choices of renor-
malization scale µR. pt > 0.2 GeV and Ain = 1%.
In the above estimations, we have fixed the renormal-
ization scale µR to be the transverse mass of Ξcc, e.g.,
mT =
√
p2t +M
2
Ξcc
, which is usually adopted in the lit-
erature. Taking another two choices, e.g., µR =
√
sˆ/2
and µR =
√
sˆ, we estimate the renormalization scale un-
certainty, where
√
sˆ is the center-of-mass energy of the
subprocess. Numerical results are presented in Table X.
For the case of Ξcc production via (g + c) channel, the
scale uncertainty is about ±35%.
σg+c (pb) σc+c (pb)
(cc)3¯[
3S1] (cc)6[
1S0] (cc)3¯[
3S1] (cc)6[
1S0]
BHPS 5.32× 103 5.78× 102 1.79 7.16× 10−2
CT14C-BHPS1 6.39× 103 6.95× 102 1.68 6.77× 10−2
CT14C-SEA1 6.79× 103 7.39× 102 1.26 5.15× 10−2
TABLE XI. Total cross sections for three different intrinsic
charm PDFs. CT14+BHPS is result by using the BHPS
model evolved with Eq.(5), CT14C-BHPS1 and CT14C-SEA1
are results for the CTEQ PDFs under BHPS model and SEA
model [65], respectively. All the intrinsic charm PDFs are
normalized to 1%. pt > 0.2 GeV.
To show how different models of IC PDF affect the pro-
duction rates, we adopt the CTEQ PDF version CT14C
under BHPS model, SEA model [65] as explicit examples
to estimate the errors caused by different choices of the
IC PDF. The results are shown in Table XI. Both the
CT14C-BHPS1 and CT14C-SEA1 are characterized by
the magnitude of the intrinsic charm component by the
first moment of the charm distribution 〈x〉IC = 0.57%,
which corresponds to 1% probability for finding intrinsic
charm component in a proton. Table XI shows that by
using those three IC PDFs, the total cross sections vary
by about 20% ∼ 27% and 6% ∼ 30% for the (g + c) and
(c+ c) mechanisms, respectively.
As a final remark, if choosing the recently developed
model independent NNPDF3IC [64] as the input for the
IC PDF, whose input parameters are based on a NLO
calculation and are fixed via a global fitting of exper-
imental data of deep inelastic structure functions, we
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σg+c (pb) σc+c (pb)
(cc)3¯[
3S1] (cc)6[
1S0] (cc)3¯[
3S1] (cc)6[
1S0]
NNPDF3IC-1330 4.85× 103 5.27× 102 1.49 5.97× 10−2
NNPDF3IC-1610 4.49× 103 4.86× 102 1.45 5.78× 10−2
CT10C-BHPS1 5.99× 103 6.51× 102 1.50 6.03× 10−2
CT10C-SEA1 6.33× 103 6.88× 102 1.14 4.67× 10−2
TABLE XII. Total cross sections for different choices of intrinsic charm PDF with various IC models. pt > 0.2 GeV.
shall obtain a slightly smaller total cross-sections than
the cases of CT14+BHPS and CT14C-BHPS1 2. The
NNPDF3IC results are presented in Tab. XII, which are
for the NNPDF3IC preferable mc range of [1.33, 1.61]
GeV.
IV. CONCLUSIONS
In the paper, we have studied the hadronic production
of Ξcc baryon at the fixed-target experiment at the LHC,
e.g. After@LHC. More accurate data are assumed to be
available at the After@LHC than the SELEX experiment,
which shall be helpful to clarify the previous SELEX puz-
zle on the Ξcc production. Our results show that the
intrinsic charm can have significant impact on the Ξcc
production. If setting the probability of finding the in-
trinsic charm in proton is Ain = 1%, the total production
cross section can be enhanced by a factor of 2 through the
(g+c) and (c+c) channels. By summing up contributions
from (g + g), (g + c), and (c+ c) channels and contribu-
tions from both diquark states (cc)3¯[
3S1] and (cc)6[
1S0],
we shall have 3.4 × 105 or 1.4 × 107 Ξcc events per op-
eration year with the integrated luminosity 0.05 fb−1 or
2 fb−1, respectively.
Thus, the fixed-target experiment After@LHC can be
an ideal platform for studying properties of Ξcc. Since
the total cross sections and the differential distributions
are sensitive to the probability of finding intrinsic charm
component in a proton, the After@LHC shall also be a
good platform for testing the intrinsic charm mechanism
and for fixing the intrinsic charm PDF.
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